Objectives: To investigate the degree and factors responsible for adherence to a Mediterranean diet among non-diabetic patients attending primary health care centres (PHCCs).
Methods:
A cross-sectional study was conducted in Jeddah PHCCs using a validated self-administered questionnaire which assessed adherence levels to 14 dietary aspects related to the Mediterranean diet. The questionnaire enabled calculation of an adherence score (0e14), where inadequate adherence was assumed for scores 7. Factors of adherence included general socio-demographic characteristics, medical history, lifestyle, and cardiovascular risk factors such as body mass index, waist-to-hip ratio, blood pressure, and fasting and 1-h postprandial blood glucose levels.
Results: Of the 265 participants (50.6% males), inadequate adherence was reported in 74.3%. Adherence scores were higher in married participants than in unmarried ones (6. 
Introduction
The prospected burden of cardiovascular diseases (CVD) on both the individual and healthcare providers could be prevented through amelioration of risk factors leading to inhibition of 75% of premature CVD cases. 1 Risk factors such as sedentary lifestyle, obesity, smoking, diabetes, and hypercholesterolaemia have an important role in CVD pathogenesis 2 and are intrinsically affected by multiple social, behavioural, economic, and cultural aspects. 3, 4 Therefore, various interventions (for example, proper diet) might be considered as simple and cost-effective approaches for reducing the possibility of CVD development. 5 Dietary guidelines usually focus on dietary patterns and recommendations for the most over-consumed nutrients, such as sodium, added sugar, saturated fat, and dietary cholesterol, since they augment the risk of chronic diseases. For example, recommended healthy foods for the general population include vegetables, fruits, low-fat or fat-free dairy products, seeds, nuts, and vegetable oils, and experts advocate limiting saturated fat, salt, and added sugar. 6 Additionally, Briggs et al. 7 stated that saturated fat should be replaced with unsaturated fat or whole grains to prevent CVD development. A recent meta-analysis indicated that increased intake of whole grains, fruits, vegetables, fish, and nuts reduces the risk of all-cause mortality, while its risk rises in a linear pattern with increased intake of processed and red meat. 8 Interestingly, traditional dietary patterns in countries surrounding the Mediterranean Sea have been associated with multiple health benefits. Although the Mediterranean diet varies among different countries, its common features include high consumption of cereals and grains (mainly whole grains), fruits, legumes, vegetables, nuts, and fish, as well as a reliance on olive oil as its main source of fat. Consequently, the Mediterranean diet involves high monounsaturated fatsaturated fat ratios, low consumption of meat and meat products, and moderate intake of milk and dairy.
Since the Mediterranean diet is rich in vitamin C, vitamin E, and b-carotene (antioxidant vitamins), it might reduce oxidative stress, which has been involved in the pathogenesis of cancer, CVD, and other chronic disorders such as dementia.
One large caseecontrol study, in fact, did reveal that the Mediterranean diet can reduce oxidative stress. 9 Additionally, evidence also indicates that the Mediterranean diet plays a role in protection against inflammation, platelet aggregation, and coronary thrombosis.
10e12 Dinu et al. 13 found that adherence to this diet was associated with a reduced risk of overall mortality, diabetes, neurodegenerative diseases, and CVD. Furthermore, cancer incidence was decreased remarkably by following this dietary pattern despite weak evidence against site-specific cancers and metabolic parameters. 13 To maximize the beneficial outcome of this diet, Widmer et al.
14 recommended consuming Mediterranean dietary components in moderation to obtain balanced nutrition and avoid high caloric intake. Further, Martı´nez-Gonza´lez 15 advocated spreading the Mediterranean diet beyond the boundaries of the Mediterranean Sea since it is expected that approximately 19,000 deaths due to CVD could be prevented by promoting this diet in the United Kingdom.
However, in some Gulf countries, the presence of individuals with adequate knowledge about the health benefits of the Mediterranean diet is still insufficient to ensure the best patterns of this type of consumption. Only one systematic review has been done, and it revealed few adherents to this dietary regimen. 16 To our knowledge, there are no studies investigating the relationship between Mediterranean diet adherence and inhibition of CVD risk factors. This is in parallel with the increasing burden of CVD that has occurred at the local level with the rapid urbanization and major economic transition of recent years. 2 These issues are leading to a high prevalence of cardiovascular risk factors, particularly obesity, which has been reported in approximately 65%e72% of Saudi nationals. 17, 18 Moreover, dyslipidaemia, hypertension, smoking, and diabetes were prevalent in both genders and in various age groups that did not employ suitable management approaches. 17 As such, the present study attempted to investigate adherence to a Mediterranean diet and elucidate its association with risk factors of CVDs among patients attending primary health care centres (PHCCs) in KSA.
Materials and Methods
A cross-sectional study was conducted among non-diabetic patients visiting Ministry of Health (MOH) PHCCs in Jeddah, KSA. Jeddah Province, a western coastal city in KSA, contains 88 PHCCs that cover all districts. Among these, 44 are in its central region. Jeddah's centre is divided into 5 regulatory sectors. Target sample size (N ¼ 236) was computed with 80% statistical power, 5% margin of error, and a 95% confidence interval. A stratified two-stage cluster sampling method was employed to select one PHCC from each sector. Systematic random sampling was used to include the first and second of each three consecutive eligible and consenting patients in the participating centres, beginning on 01 October 2017 and extending until the target sample size was reached. Diabetic patients were excluded using glycated haemoglobin (HbA1c), fasting blood glucose, and/or 1-h glucose tests.
A validated self-administered questionnaire developed by Martınez-Gonzalez et al. 22 was used to assess adherence levels to a Mediterranean diet. This questionnaire consisted of 14 items, each relating to a specific dietary aspect such as the use of olive oil as a principal source of fat; the number of daily servings of vegetables, fruits, and red meat; the number of fish and seafood-based dishes eaten per week; and the amount of carbonated and/or sweetened beverages consumed, etc. Each of these items involved a 2-option question enabling a unitary score of 0 (no adherence) or 1 (adherence) depending upon whether the answer adhered to Mediterranean diet characteristics.
The questionnaire was completed through face-to-face interview and contained three additional parts: 1) general information including socio-demographic characteristics (age, gender, education level, income, etc.), lifestyle data (tobacco consumption, physical activity at one's job, etc.), and medical history (hypertension, dyslipidaemia); 2) anthropometric measurements which were taken by the investigators and included weight and height with calculation of body mass index (BMI), waist and hip circumferences with calculation of waist-to-hip ratio (WHR), and blood pressure (BP); and 3) a blood sample that was drawn using a butterfly needle, one tube containing ethylene-diaminetetraacetic acid (EDTA) (2.0 mL), and one plain tube (4.0 mL). The following tests were conducted in the fasting serum sample: glucose, total cholesterol, triglycerides, and HbA1c.
All anthropometric measurements were performed twice by two different examiners, and the mean values were considered.
Participants were informed about the study objectives and signed a written consent. Collected data were kept confidential and were not accessed by anyone besides investigators and trusted partners, for the unique purpose of scientific research. The study protocol was approved by the Directorate of Health Affairs, Ministry of Health, Jeddah.
Statistical methods
Statistical analysis was performed with the Statistical Package for Social Sciences version 21.0 for Windows (SPSS Inc., Chicago, IL, USA). Adherence score (range: 0e14) was computed as the number of dietary rules to which the participant declared being adherent. Analysis of the distribution of the adherence score in the study population showed a bellshaped distribution, whereas normality tests including KolmogoroveSmirnov (statistics ¼ 0.135, p < 0.001) and ShapiroeWilk (statistics ¼ 0.968, p ¼ 0.001) demonstrated non-normal distribution of the variable. Consequently, the adherence score was analyzed using both parametric and nonparametric tests by comparing the scores between the different categories of the factor variables. Analysis used independent t-and ManneWhitney U tests for binomial variables, and one-way ANOVA and KruskaleWallis tests for multinomial variables. Further, to analyze the association of adherence level with cardiovascular risk factors, the population was divided into two groups: inadequate [ 
Results

Participants' characteristics
Two hundred and sixty-five individuals participated in the study. Of these, 50.6% were males, and the mean (SD) age of 3%) , resulting in 24.4% of patients being diagnosed with pre-diabetes and 6.5% with incidental diabetes (Table 2 ).
Adherence to a Mediterranean diet
All but one participant declared having no alcohol consumption (99.5%). Investigation of other dietary habits showed that 80.8% of participants preferred consuming chicken, turkey, or rabbit meat instead of veal, hamburger, or sausages; 78.9% declared consuming !3 servings of fish or shellfish per week; and 74.3% consumed <1 serving per week of red meat, hamburger, or meat products. When omitting the question on alcohol consumption, the lowest adherence rates were observed for daily vegetable intake (!2 servings, 14.3%), olive oil consumption (!4 tablespoons per day, 20.4%), and amount of commercial sweets and pastries ingested each week (<3 times per week, 23.8%) (Figure 1) .
Adherence scores were computed as the number of rules (0e13) that the participant declared adhering to, and the histogram of the different adherence scores is depicted in Figure 2 , showing a bell-shaped distribution ranging between 2 and 13. By dividing adherence level into two categories, we (Table 3) . Stepwise linear regression, including age, marital status, and physical activity as the independent variables, showed that adherence score was significantly predicted by age (B ¼ 0.024, p ¼ 0.017) and physical activity (B ¼ 0.537, p ¼ 0.014); these results are not presented in tables.
Adherence to a Mediterranean diet and other cardiovascular risk factors
To assess the association between adherence to a Mediterranean diet and measurable cardiovascular risk factors, the study population was divided into two groups: those who had inadequate (adherence score 0e7) versus adequate (score 8e14) levels of adherence to a Mediterranean diet. Comparative analysis between the two groups showed no statistically significant difference in major cardiovascular risk factors, including BMI (p ¼ 0.784), body fat percentage (p ¼ 0.113), and waist-to-hip ratio (0.462), while a marginal statistically significant difference was found in (Table 4) .
Discussion
The role of dietary interventions in the protection against CVD has been of major importance due to the consistently increased burden of such diseases in several countries, including KSA. Different aspects concerning the health benefits of a Mediterranean diet have been reviewed in the literature, yielding an overall significant improvement in cardiovascular health in people with high adherence to this diet as compared to those following a Western one. 23 The present study utilized the Mediterranean Diet Adherence Screener questionnaire to investigate the patterns of adherence in a sample of the Saudi population. 24 Our data showed that only 1 in every 4 participants had eating habits that adhered to at least 50% of the characteristics of the Mediterranean diet. Unexpectedly, no notable variation across socio-demographic and economic factors was demonstrated (especially at the educational level), except for marital status or age, where adherence score increased proportionally. This is in contrast with data from other studies showing better adherence to dietary rules among individuals with higher education. 25, 26 Further, in the present study, the highest adherence levels were reported in illiterate participants, although this was not statistically significant. This may be related to the impact of economic status on dietary habits or to the influence of a highly educated social environment that encourages bad eating habits. The correlation between participants' age and adherence score in the current study was similarly observed in a recent prospective evaluation of adherence to a Mediterranean diet in an Italian cohort of the European Prospective Investigation into Cancer and Nutrition (EPIC). 25 Such association might reflect better awareness and knowledge about the health benefits of a Mediterranean diet in adults.
Being married was another important parameter that was associated with high scores of adherence to a Mediterranean diet, and this agreed with a large cross-sectional survey among employees in the United Kingdom 27 and adults in Morocco. 28 Indeed, married participants usually share patterns of food preparation with other family members, and thus family influences can have a more noticeable effect on their dietary behaviours than those of single individuals. Generally, eating in a family setting usually includes consuming meals cooked according to the family's tradition rather than other types of fast food meals.
Generally, although there is no distinct description of a single type of Mediterranean diet, its ideal content includes daily consumption of extra-virgin olive oil as the principal fat for cooking as well as high contents of whole grain foods, fruits, legumes, nuts, and vegetables, along with small portions of yogurt and cheese. Additionally, varying amounts of fish are consumed, and few to moderate amounts of red meat, eggs, poultry, wine, and sweets are ingested. 29 Inconsistent with Mediterranean dietary recommendations, almost all participants in this study refrained from alcohol consumption, which is attributable to their strong religious beliefs against using alcohol or other addictive substances along with the strict legal and religious rules in KSA that forbid its consumption. 30 Consequently, a cultural adaptation of the questionnaire would be suitable for future studies. Further, more than three-quarters of the population under investigation consumed more than the weekly recommended amount of commercial pastries and sweets and less than the daily recommended amount of olive oil and vegetables, which may reflect the discrepancy between local dietary habits and the Mediterranean diet. Additionally, the present study showed high adherence levels (80.8%) to low meat consumption per day, which may reflect the rarity of red meat and sausage consumption among the studied population.
The present study demonstrated no notable impact of socio-demographic factors, lifestyle, or medical history on the level of adherence to a Mediterranean diet. Moreover, adherence was not associated with the major risk factors of CVD. The only notable effect was on BMI, as it was slightly lower in participants who had high scores of adherence to a Mediterranean diet vs. those with low scores; however, it was not statistically significant. In contrast, other studies based on large populations demonstrated a significant association of adherence to a Mediterranean diet with weight, such as the entire EPIC cohort, 31 which showed higher Mediterranean diet adherence scores in individuals with reduced weight gain and that the risk of becoming obese was low in adherent participants with normal weight at the baseline. Furthermore, another prospective study conducted over a 3-year follow-up to the Spanish EPIC cohort 32 revealed low incidence rates of obesity, but not of being overweight, in participants with high Mediterranean diet adherence levels as assessed by its score. It is worth noting that low consumption of meat products had the greatest impact on this factor, such that the association between higher adherence levels and low weight gain has vanished with the removal of low meat consumption. 31 Surprisingly, high diastolic BP, which is considered a CVD risk factor, 33 was associated with higher scores of adherence to a Mediterranean diet than lower ones. This might be related to hypertensive patients being more prone to follow the Dietary Approaches to Stop Hypertension (DASH) diet. In contrast, although Nunez-Cordoba et al. 34 found that adherence to a Mediterranean diet was not associated with hypertension, high Mediterranean diet scores based on a 9-item questionnaire were associated with a slight reduction of mean diastolic BP (À1.9 mm Hg, 95% CI: À3.6, À0.1). 34 Further, a study conducted in Italy by La Verde et al. reported an inverse correlation between higher adherence to a Mediterranean diet and hypertension, possibly due to the salt restriction in such a dietary regimen. 35 In France, Lelong et al. emphasized this correlation in women, but not in men, and subsequently recommended a Mediterranean diet to reduce the risk of diseases related to high BP. The difference in our data could be interpreted as an effect of the cut-off used to define adequate versus inadequate adherence, as there was no reference value or golden standard test to determine this cut-off. 36 This study has some limitations. First, its cross-sectional design might bias the interpretation of the statistical association between adherence and cardiovascular risk factors. Second, the duration of adherence to a Mediterranean diet was not assessed and may have a significant impact on cardiovascular risk factors. Thus, an interventional design would be more appropriate to demonstrate the causal relationship between adherence and cardiovascular risk factors. Third, estimation of adherence to a Mediterranean diet relied on self-reported declarations; the questionnaire that was used depended on self-reported adherence, which could lead to obtaining invalid answers since accuracy depends on participants' levels of awareness regarding types of foods and the preparation and components of meals. Finally, the questionnaire failed to assess degrees of awareness and knowledge concerning the health benefits of Mediterranean dietary patterns and their correlation with adherence to this type of diet. Nonetheless, utilizing a validated questionnaire remains a remarkable strength of this study.
Conclusion
There was low adherence to a Mediterranean diet among patients attending PHCCs in Jeddah, with no notable effect of socio-demographic factors, lifestyle, or medical history on levels of adherence. This suggests a low level of awareness and inadequate education regarding the healthy properties of the Mediterranean diet and a significant gap in local culinary traditions and eating habits. However, the present study did not demonstrate any significant association between the level of adherence to a Mediterranean diet and cardiovascular risk factors, which is probably due to design limitations. A prospective controlled study is warranted to demonstrate the association and the causal relationship between adherence to the Mediterranean diet and reduction of cardiovascular risk factors.
Recommendations
Its recommended to establish specifically-tailored programs to increase awareness levels concerning the Mediterranean diet, its characteristics, and health benefits related to CVD and other chronic conditions. This could be attained among the Saudi population by means of distinct governmental measures. It is also possible to develop and distribute newsletters among individuals at workplace events to enhance food-related family interactions and improve adherence to a Mediterranean diet.
Future prospective studies based on large populations are recommended along with using intervention measures to confirm the impact of the Mediterranean diet on weight gain. Investigations concerning awareness and knowledge regarding the Mediterranean diet as well as other dietary patterns are warranted.
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